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SUMMARY: We present the results of new Australia Telescope Compact Array
(ATCA) observations of one of the largest supernova remnants, SNR J0450{709, in
the Local Group of galaxies. We found that this Large Magellanic Cloud (LMC)
object exhibits a typical morphology of an old supernova remnant (SNR) with di-
ameter D=102£75§1 pc and radio spectral index ®={ 0.43§0.06. Regions of high
polarisation were detected with peak value of »40 %.
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1. INTRODUCTION
The Magellanic Clouds (MCs) are one of the
most favorable places for investigations of objects
such as supernova remnants (SNRs). Beside their
position, close to the South Pole, they are found in
one of the coldest parts of the radio sky allowing us to
investigate and detect radio emission without inter-
ruptions from Galactic foreground radiation (Haynes
et al. 1991). The MCs are located out of the Galactic
plane and thus the in°uence of dust, gas and stars is
small, making detailed investigations of SNRs pos-
sible. The Large Magellanic Cloud (LMC) at a dis-
tance of 50 kpc (Hilditch et al. 2005), allows for anal-
ysis of the energetics of each remnant.
SNRs are usually characterised by their strong
and predominately non-thermal emission that they
emit at radio wavelengths. They have typical spec-
tral index of ® » ¡0:5 de¯ned by S / º®. SNRs
have very important in°uence on the interstellar ma-
terial (ISM). Appearances of shell-like ¯laments are
very often perturbed by interaction with and non-
homogeneous structure of the ISM. SNRs dictate be-
havior, structure, morphology and evolution of the
ISM. But on the other hand, the evolution of SNRs
is dependent on the environment which surrounds
them.
Here we report on new moderate-resolution
radio-continuum observations of SNR J0450{709,
one of the largest SNRs in the Local Group of
Galaxies. It was initially classi¯ed as SNR by
Mathewson et al. (1985), based on optical obser-
55K. O. · CAJKO, E. J. CRAWFORD and M. D. FILIPOVI¶ C
vations (H®) and, later, on radio-continuum sur-
vey with MOlonglo Synthesis Telescope { MOST.
McGee et al. (1972) named this source MC11 in
their 4800 MHz MCs catalogue, but didn't attempt
to classify it. Clarke et al. (1976) also included
SNR J0450{709 in their 408 MHz MC4 catalogue.
Wright et al. (1994) catalogued SNR J0450{709 as
PMN J0450{7050 based on their observations within
Parkes-MIT-NRAO (PMN) surveys at 4850 MHz.
Filipovi¶ c et al. (1995, 1996) added further con¯r-
mation with a set of radio-continuum observations
(with Parkes telescope) over a wide frequency range.
Filipovi¶ c et al. (1998a), using ROSAT All Sky Sur-
vey (RASS) observations, did not detect X-ray emis-
sion from SNR J0450{709. Neither the ROSAT
PSPC nor HRI observations covered the area of
SNR J0450{709. Blair et al. (2006) reported detec-
tion at far ultraviolet wavelengths based on FUSE
(Far Ultraviolet Spectroscopic Explorer) satellite,
and labelled SNR as D90401. As very faint object
SNR J0450{709 is detected at [Ciii] and [Ovi] wave-
lengths.
The [Sii]/H® ratio is 0.7, which according
to Mathewson et al. (1985) satis¯es one of the
selection criteria for the large diameter class of
SNRs. H® emission from SNR J0450{709 shows typ-
ical well evolved shell-like appearance. Filipovi¶ c et
al. (1998b) presented Parkes low resolution multi-
frequency analysis and estimated spectral index as
® = ¡0:39 § 0:08. Williams et al. (2004) added
high resolution XMM-Newton X-ray results. Most
recently, Payne et al. (2008) presented optical spec-
troscopy of a wide range of LMC SNRs including
SNR J0450{709. They found an enhanced [Sii]/H®
ratio of 0.5 typical for SNRs.
2. OBSERVATIONAL DATA
We observed SNR J0450{709 with the Aus-
tralia Telescope Compact Array (ATCA) on 6th
April 1997, with an array con¯guration EW375, at
wavelengths of 8640 and 4800 MHz (¸=3 and 6 cm).
Baselines formed with the 6th ATCA antenna were
excluded, as the other ¯ve antennas were arranged
in a compact con¯guration. The observations were
carried out in the so called "snap-shot" mode, to-
taling »1 hour of integration over a 12 hour period.
Source PKS B1934-638 was used for primary calibra-
tion and source PKS B0530-727 for secondary cali-
bration. The miriad (Sault and Killeen 2006) and
karma (Gooch 2006) software packages were used
for reduction and analysis. More information on the
observing procedure and other sources observed in
this session can be found in Boji· ci¶ c et al. (2007) and
Crawford et al. (2008a,b).
Images were prepared, cleaned and decon-
volved by means of the miriad tasks, using multi-
frequency synthesis (Sault and Wieringa 1994). The
4800 MHz image (Fig. 1) has a resolution of 2100£1900
and an estimated r.m.s. noise of 0.5 mJy/beam. As
the remnant is larger than the primary beam re-
sponse (50) at 8640 MHz no reliable image could be
prepared.
3. RESULTS AND DISCUSSION
The remnant has a shell like mor-
phology centered at RA(J2000)=4h 50m 33. s4,
DEC(J2000)=¡70±50043. 005 with a diameter of
42000£31000§500 (70£5. 016 or 101.8£75.2§1 pc),
which is in agreement with optical diameter of
6.50£4. 07 reported by Williams et al. (2004). We
note that it is elongated in north-south direction
and "clump" along its western side (see Fig. 1 and
Fig. 2).
Flux density measurements were made at
4800 MHz resulting in a value of 0.448 Jy. New
measurements were also made at 843 MHz (from the
LMC MOST image), 1400 MHz and 8640 MHz (both
from the mosaics presented by Filipovi¶ c et al. 2009
and Hughes et al. 2007). Using values of °ux den-
sities obtained from the observed frequencies in Ta-
ble 1, a spectral index was plotted (Fig. 4) and esti-
mated to be ® = ¡0:43 § 0:06, con¯rming the non-
thermal nature of this object as the still dominant
emission mechanism. However, our value is slightly
"°atter" in comparison with typical and estimated
value of ¡0:5 for SNRs (Mathewson et al. 1985).
Uro· sevi¶ c and Pannuti (2005) showed models
for two cases when SNRs could produce signi¯cant
amount of thermal emission. Further on, they dis-
cuss the contribution of that thermal emission to
the radio-continuum spectral index make-up of SNR.
Uro· sevi¶ c and Pannuti (2005) derived °atter empirical
§¡D relation which is in a good agreement with pre-
vious modi¯ed theoretical relations. Discrepancies
between theoretically derived and empirically mea-
sured § ¡ D relations may be partially explained
by taking into account thermal emission at radio fre-
quencies from SNRs at particular evolutionary stages
and located in particular environments. In the case
of SNR J0450{709, this may indicate an older age
for the remnant where contribution of thermal com-
ponent could be signi¯cant, similar to the example
given in Uro· sevi¶ c et al. (2007) and elaborated on in
Oni¶ c and Uro· sevi¶ c (2008). Also, SNR J0450{709
is most likely expanding in a denser and warmer
medium of n » 1 ¡ 10cm¡3.
We note that the point at 408 MHz (Table 1;
Fig. 4) lies slightly o® the line of best ¯t. This is
most likely due to an older data (1970-ties) process-
ing. Particularly in this case it may overestimate
°ux density due to a clean bias e®ect. We estimate
that the combined °ux density errors from all radio
images used in this study, are less than 10% at each
given frequency.
Linear polarisation image for SNR J0450{709
at 4800 MHz is shown on Fig. 3. Regions of frac-
tional polarisation are quite strong. They are des-
ignated with polarisation vectors located at north-
west side of the shell. Linear polarisation images
for each frequency were created using Q and U pa-
rameters. While we do not have any measurements
at 8640 MHz, the 4800 MHz image reveals some
strong linear polarisation. Without reliable polarisa-
tion measurements at another wavelength, we could
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not determine the Faraday rotation. The mean frac-
tional polarisation at 4800 MHz was calculated using
°ux density and polarisation:
P =
q
S2
Q + S2
U
SI
¢ 100% (1)
where SQ;SU and SI are integrated intensities for
Q, U and I Stokes parameters. Our estimated peak
value is P » = 40%. Along the shell there is a pocket
of uniform polarisation possibly indicating varied dy-
namics along the shell. This unordered polarisation
is consistent with the appearance of an older SNR.
Table 1. Integrated Flux Density of SNR J0450{709.
SI (0.408 GHz) SI (0.843 GHz) SI (1.4 GHz) SI (4.8 GHz) SI (8.64 GHz)
SNR J0450{709 1470 mJy 837.3 mJy 643.7 mJy 448 mJy 360 mJy
Reference Clarke Mills This This This
et al. 1976 et al. 1984 Work Work Work
Fig. 1. ATCA observations of SNR J0450{709 at 4800 MHz (6 cm). The side bar quanti¯es the pixel map
and its units are mJy/beam.
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Fig. 2. MCELS composite optical image (RGB =H®,[Sii],[Oiii]) of SNR J0450{709.
Fig. 3. ATCA observations of SNR J0450{709 at 4800 MHz (6 cm). The blue circle in the lower left
corner represents the synthesised beam-width of 21 00£19 00, and the blue line below the circle is a polarisation
vector of 100%. The sidebar quanti¯es the pixel map and its units are Jy/beam.
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Fig. 4. Radio-continuum spectrum of SNR J0450{709.
4. CONCLUSION
We analysed one of the largest SNRs in the
Local Group of Galaxies { SNR J0450{709. Here,
the new radio-continuum observations of this SNR
together with the multi-frequency analysis are pre-
sented. From these new observations, we found
SNR diameter of 101.8£75.2§1 pc, spectral index of
®={0.43§0.06 and relatively strong level of linear
polarisation with peak value of » 40%. We con-
cluded that these are all indicators of an older SNR.
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Originalni nauqni rad
U ovoj studiji predstav	amo nove ATCA
rezultate radio-posmatraa u kontinuumu
ostatka supernove u Velikom Magelanovom
Oblaku { SNR J0450{709. Naxli smo da ovaj
ostatak supernove ima 	uskastu morfologiju
koja je tipiqna za starije ostatke super-
novih. Izmerena vrednost radio spektralnog
indeksa iznosi ® ={0.43§0.06, a dijametra
D= 101:8£75.2§1 parseka. Detektovali smo
relativno visok stepen polarizacije gde mak-
simalna vrednost iznosi oko 40%.
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